Melatonin exhibits a wide variety of biological activity including antioxidant and anti-inflammatory effects. We have previously reported its protective effect on hepatic oxidative hepatic injury in burns. In this study, we investigated the role of nuclear factor kappa B (NF-kB) in melatonin-mediated protection against liver injury by using the burned-rat model. Melatonin (N-acetyl-5-methoxytriptamin, 10mgl kg (-1), Lp.) was administered immediately and 12 hours after thermal skin injury. Hepatic NF-kB expression was determined by Western blotting. TNF-a level in liver homogenate was quantified using enzyme-linked immunosorbent assay (ELISA) kit. Plasma aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels were determined to assess liver injury at the 24 th hour after burns. Thermal skin injury caused significant elevation of hepatic NF-kB expression by 48%, TNF-a level by 55% and plasma AST and ALT activities by 2-and 3-fold, respectively, in comparison with normal control rats. Treatment with melatonin decreased significantly elevated hepatic NF-kB activity and TNF-a, maintaining the levels close to the control values Melatonin suppressed the elevation of plasma AST and ALT activities (p<O.OOI), which remained significantly increased compared to controls. In conclusion, thermal skin injury causes hepatic NF-kB activation that may mediate the release of hepatic TNF-a and contribute to liver damage. Melatonin protects against burn-induced hepatic injury as to a certain extent this effect may result from the suppression ofNF-kB-mediated inflammatory response.
Bum trauma initiates systemic inflammatory response syndrome (SIRS) (1) where the generation of proinflammatory cytokines and free radicals causes tissue injury to skin and to remote organs (2, 3) . Liver is the central organ involved in this response because it is a major source of inflammatory cytokines and the target organ for the effects of these mediators as well. There is growing evidence that proinflammatory cytokine-induced liver damage after thermal skin injury and anti-inflammatory agents may restrict these organ injuries (4) (5) . Numerous experimental investigations have shown a correlation between elevated production of inflammatory markers such as tumor necrosis factor a (TNF-a), C-reactive protein, oxygen free radicals, interleukins and plasma transaminase levels suggesting that inflammation is involved directly in the pathophysiology of bum-induced liver injury (6) (7) .
Nuclear factor kappa B (NF-kB) is a transcriptional factor that plays a key role in inflammation and tissue damage, in the regulation of cell proliferation and apoptosis in human hepatic cells (8) . It regulates the expression of multiple inflammatory genes, stressinduced responses, and survival (9) . In addition, reactive oxygen species and inflammatory mediators can activate NF-kB (10) . Melatonin (N-acetyl-5-methoxytryptamine) is an indoleamine endogenously produced in the pineal gland and and extrapineal tissues, including liver (11). Melatonin possesses a wide variety of biologic effects such as sedative, anxiolytic, antinociceptive. Melatonin is a powerful antioxidant and scavenger, especially concerning reactive oxygen and nitrogen species by restricting their proinflammatory and membrane-damaging effect (12) . It inhibits proinflammatory cytokines and acute phase protein release by inflammatory cells, activities of proinflammatory enzymes such as myeloperoxidase and inducible nitric oxide (NO)-synthase (13) . It also stimulates the activity of antioxidant enzymes such as superoxide dismutase, catalase and glutathione peroxidase and protects them from oxidative damage (14) . Melatonin. ameliorates burn-induced injury of gastric mucosa, gut and myocardium (15) (16) (17) and exerts a therapeutic effect in burned patients (3) .
Recently, we have indicated that melatonin restricts hepatic oxidative damage following thermal skin injury (18) . However, the cellular and molecular mechanisms of melatonin-protected burn-induced liver injury have not yet been well elucidated. We hypothesize that melatonin reduces burn-induced oxidative liver injury by inhibiting NF-KB activation and TNF-a levels. To test this hypothesis, we examined the effect of melatonin on hepatic NF-KB activation and TNF-a level in rat model of thermal skin injury.
MATERIALS AND METHODS

Experimental thermal injury and melatonin treatment
The experimental procedure was approved by the Home Office for Care and Use of Laboratory Animals and performed with a strong consideration for ethics of animal experimentation. Adult male rats aged between 12 and 15 weeks, weighing between 220 and 250 g fasted for 12 hours were allowed free access to water before injury. Animals were housed in a 20°C and offered rat chow and water ad libitum. They were kept in dark:light cycles (DL = 12:12 hours) in individual wire-bottomed cages. Thus, lights were turned off at 8:00 p.m. and turned on at 8:00 a.m. for achieving satisfactory photoperiod.
After light ether inhalation, general anesthesia was performed using thiopental (30mg/kg intraperitoneally ( i.p.). In order to accomplish 30% of third degree bum hot boiling water (98°C) was applied on the back of the animals during a period of 10 sec. For those rats which were subjected to bum injury 4 mL of physiological saline was administered i.p. for immediate resuscitation following bum injury. No animals died within the first 24-hour post-bum period. Twenty-one male rats were randomly assigned to three groups of seven animals each: control -non-burned, non-treated (N-B), vehicle-treated burned group (B), and melatonin-treated burned group (B+Mel).
Either melatonin (N-acetyl-5-methoxytriptamine, Merck, Germany) at a dose of lOmg/kg body weight (b.w.) dissolved in vehicle, or vehicle (ethyl alcohol 2% in physiological saline in dose 5m1/kg) was administered, respectively. Melatonin and vehicle were applied immediately i.p. after bums in the morning between 8:00 a.m. and 9:00 a.m. and 12 h after thermal skin injury. All animals were given buprenorphine (0.3 mg /kg i.p. b.w. twice daily for pain control post burn. They were reanesthetized with thiopental and sacrificed 24 hours after bums as livers were sampled.
Biochemical analysis
Blood was taken from the jugular vein and heparinized. Plasma was separated by centrifugation at 800 x g rpm for 10 min and aliquots were stored at -80°C until analysis. Liver was gently separated from the underlying tissue homogenized in 1:5 w/v 50 mM phosphate buffer (pH 7.4) containing 0.1 mM EDTA, at 4000 rpm for 10 min. The homogenate was centrifuged at 800 x g rpm/IS min to discard the sediment and supernatant was frozen until analysis. All manipulations were performed at 4-8°C. Analysis was carried out immediately after thawing of the samples.
Hepatic NF-kB expression
NF-kB expression was determined by Western blotting. Samples of the liver were homogenized in 50 mM PBS buffer. After the centrifugation at 10000 g for 15 min at RT tissue supernatants containing equal amounts of protein were separated by SDS-PAGE and transferred to polyvinylidine difluoride membranes. After being blocked in 5% non-fat milk in TBST (Tris-buffered saline with 0.1% Tween 20, pH 7.6) membranes were incubated with appropriate primary antibodies polyclonal rabbit anti NF-kB (C,20 Santa Cruz) or monoclonal anti-beta actin (AC-15, Sigma) and then exposed to secondary antibodies for I h at room temperature. Immunoreactive proteins were visualized using the infrared labeled secondary antibodies (IR Day 800 CW, IR Day 680; LiCor) on an Odissey scanner.
Plasma AST, ALT activities and hepatic TNF-alpha level
Plasma AST and ALT activities were determined by using an automated analyzer. TNF-a level in liver homogenate was quantified using enzyme-linked immunosorbent assay (ELISA) kit (Diaclone Gen-Probe, France) specific for the previously mentioned rat cytokines according to the manufacturer's instructions and guidelines. TNF-a in the liver samples was expressed as pg/ml.
Statistics
Data were analyzed statistically by one-way analysis of variance (ANOVA) and expressed as mean±SEM. A value of p<0.05 was considered statistically significant. The statistical procedure was performed with Graph Pathin Stat software.
RESULTS
The hepatic NF-KB expression rate increased by 48% (p<O.05) in the burned group when compared to those of the control one. Treatment with melatonin significantly inhibited (by 42%) the elevation in hepatic NF-KB expression maintaining the level close to the control values (Fig. I) .
The hepatic TNF-a level increased by 55% (p<O.05) in the burned group when compared to those of the control one. When the rats were treated with melatonin, the concentration of hepatic TNF-a decrease d by 69% (p<O.05) at the 24 th hour after bums , reaching the control values (Fig. 2) .
Plasma ALT and AST activities were significantly increased (by 2-and 3-fold, respectively, p<O.OOOl) when compared to those of the control rats ( Figs. 3  and 4 ). Melatonin treatment suppressed the elevation ofplasmaAST (by 76%, p<O.OOl) andALT activities (by 79%, p<O.OOI), which remained significantly increased as compared with controls.
DISCUSSION
Our results demonstrate bum-induced hepatocellular injury as evidenced by increased NF-kB expression and TNF-a level in liver and plasma transaminase activities. Melatonin administration down-regulates hepatic NF-kB expression and TNF-a level and attenuates liver damage . important pathophysiological mechanism in liver injury (24, 25) . Liver is not only a major source of inflammatory mediator cytokines and free radicals but is also a target organ for their damaging effect (6, 19) . The oxygen and nitrogen-based reactants contribute to the activation of lipid peroxidation, protein oxidation and DNA damage in the liver after burns when its antioxidant defense is reduced (26) . This mechanism involves NF-kB induction leading to cytokine-induced inflammation (24, 25) . High TNF-a levels activate cell-death pathways and promote the production of reactive oxygen species and expression of other inflammatory factors such as IL-6, ICAM-l, NO and thus hepatic injury (7, 21) . Furthermore, hepatocytes are much more sensitive to TNF-a damaging effect when their antioxidant capacity is low. TNF-a plays an important role in the occurrence and development of hepatic and cardiac injury in experimental models of thermal trauma (7, 26, 27) . We proved an elevated hepatic TNF-a level accompanied by an increased hepatic NF-KB expression in the burned group. However, both TNF-a level and NF-KB expression in liver are reduced after melatonin treatment. These findings suggest that NF-KB activation promotes hepatic TNF-a production so TNF-a elevation further stimulates liver NF-KB activation. Both form a positive feedback loop and stimulate liver injury.
NF-lCB
After melatonin inhibition of the increased TNF-a level and NF-KB expression there is only restriction of liver injury evidenced by increased plasma AST and ALT activities. We showed that melatonin restricts burn-induced oxidative injury, avoids thiol level depletion, increases antioxidant defense, restricts lipid peroxidation and liver morphology disorders (15, 28) . We established that the treatment with melatonin in higher doses causes a more significant reduction in plasma MDA levels after burns in contrast to the insignificant increase of the same marker after treatment with lower doses (I Omglkg) as reported in our previous study (29) . Melatonin stabilizes cell membranes, thereby making them more resistant to oxidative attacks. It acts as a scavenger of toxic free radicals such as hydroxyl radicals and peroxynitrite reduces buminduced oxidative damage in liver as well as in other tissues (gut, kidney and gastric mucosa) (15) (16) (17) . TNF-a is one of the first-wave cytokines secreted by macrophages in response to thermal injury resulting in the multiple organ damage, including liver (19) (20) . High hepatic TNF-a level is elevated at the 24 th hour after burns thus indicating the role of this cytokine in bum-induced local and systemic inflammation. Elevated TNF-a is accompanied by the increased plasma transaminase activities as markers of hepatic injury that is in accordance with clinical and experimental investigations (5, 21).
TNF-a may induce a gene expression of inflammatory mediators such as IL-l, IL-6, and IL-8 and itself either dependently, or independently of NF-kB activation (22, 23) . TNF-a releases cascade of secondary cytokines believed to be an 
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Melatonin presents with other means to reduce inflammation-induced liver damage. Thus, it prevents translation of TNF-a-binding of NF-kB and, thereby, suppresses the production and release of proinflammatory mediators such as TNF-a, other cytokines and adhesion molecules (30) . Based on the present and previous findings, we suggest that melatonin protection of burn-induced liver injury may be attributed to its antioxidant and antiinflammatory properties .
In conclusion , thermal skin injury causes hepatic NF-kB activation that may mediate the release of hepatic TNF-a and contribute to liver damage. Melatonin protects against burn-induced hepatic injury as to a certain extent this effect may result from the suppression of NF-kB-mediated inflammatory response. Being an antioxidant and anti-inflammatory agent, melatonin suppresses burn-induced disorders not only in animals but also in humans. Therefore, melatonin merits consideration as a therapeutic agent in the treatment of burn injuries.
